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A B S T R A C T
The heat transfer performance of a system can be improved using a combination of passive methods, namely
nanoﬂuids and various types of tube geometries. These methods can help enhance the heat transfer coeﬃcient
and consequently reduce the weight of the system. In this paper, the eﬀect of tube geometry and nanoﬂuids
towards the heat transfer performance in the numerical system is reviewed. The forced convective heat transfer
performance, friction factor and wall shear stress are studied for nanoﬂuid ﬂow in diﬀerent tube geometries. The
thermo-physical properties such as density, speciﬁc heat, viscosity and thermal conductivity are reviewed for the
determination of nanoﬂuid heat transfer numerically. Various researchers had measured and modelled for the
determination of thermal conductivity and viscosity of nanoﬂuids. However, the density and speciﬁc heat of
nanoﬂuids can be estimated with the mixture relations. The diﬀerent tube geometries in simulation work are
analyzed namely circular tube, circular tube with insert, ﬂat tube and horizontal tube. It was observed that the
circular tube with insert provides the highest heat transfer coeﬃcient and wall shear stress. Meanwhile, the ﬂat
tube has greater heat transfer coeﬃcient with a higher friction factor compared to the circular tube.
1. Introduction
Forced convective heat transfer plays a signiﬁcant role in heat
transfer between the surface of the medium and ﬂuid ﬂow in the ap-
plication of thermal energy transfer. With the improvement of forced
convective heat transfer, the energy consumption of a system can re-
duce. The heat transfer applications include micro heat sink, solar
panel, heat exchanger and electronic component using conventional
liquids such as water, ethylene glycol and oil as the coolant. However,
the performance of these systems has reached the limit; hence en-
hancement in heat transfer coeﬃcient leads to miniaturization of
thermal equipment which has become more important. The convective
heat transfer coeﬃcient is strongly dependent on the surface of the
solid, thermo-physical properties of coolant and the type of ﬂow. The
researcher studied the eﬀects of the ﬂow, which showed that turbulence
ﬂow has higher heat transfer coeﬃcient due to the increase in ﬂuid
velocity.
Adding metal into the conventional ﬂuid can help in increasing the
thermo-physical properties of the ﬂuid. This is because metal has higher
thermal conductivity that can help improve the rate of heat transfer.
The idea of adding metal particles into base ﬂuids was introduced by
Maxwell [1]. He added micro-sized metal particles into the base ﬂuids
to enhance the heat transfer of the system. Although it increases the
thermal conductivity of the system but the micro-sized particles also
cause some problems such as clogging, increased pressure drop and
erosion [2]. Due to these issues, the metal dispersed into the base ﬂuids
does not bring signiﬁcant enhancements in heat transfer. With the new
invention of nano-sized particles, Masuda et al. [3] dispersed the Al2O3,
SiO2 and TiO2 nano-sized metal oxide particles into water as the base
ﬂuid. They found that the enhancement was in eﬀective thermal con-
ductivity which had consequently reduced the problems caused by the
micro-sized metal particles. Later, Eastman et al. [4] introduced the
nano-sized metal particles and worked with a variety of base ﬂuids that
bring better enhancements in eﬀective thermal conductivity.
Choi [5] had introduced the term “nanoﬂuids”, a reference to sus-
pended nanoparticles smaller than 100 nm and dispersed into base
ﬂuids. The common base ﬂuids used were namely water (W), ethylene
glycol (EG), W/EG base mixture and oil [6]. Earlier studies by Lee et al.
[7] and Xuan and Li [8] proved that nanoﬂuids have higher thermal
conductivity compared to their base ﬂuids. Lee et al. [7] found that the
13 nm Al2O3 nanoparticles dispersed in water increased by 30% of its
thermal conductivity compared to water at 4.3% volume concentration.
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